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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

A FREE-FIZGIN!INVESTIGATION OF TEE EFFECTS OF SIMULATED

SONIC TURBOJET EXHAUST ON THE DRAG OF A BOA.TI!AILBODY

111’12HVARIOUS JET SIZES FROM MUX NUMBER 0.87 TO 1.50

By Ralph A. Falsnga

SUMMARY

Three 7.5° boattail bcdies of revolution with varying base-snnulus
greas and jet sizes provided with simuhtid-turbojet-exhaust rocket
motors were fli@t-tested to determine the jet interference effects on
drag over a wch ntier range from approxhnatd.y 0.87 to 1.5. me
results indicated that in the transonic and low-supersonic speed range
the jet caused positive pre”~ure increments on the base and boattail
which appreciably reduced the configuration drag from the power-off ‘
condition. At the higher supersonic speeds, the jet caused positive
pressure increments only on the base and resulted in a smaller reduc-
tion in body drag from power-off conditions.

B the present tests the jet size appesxs to play a secondaxy role
in reducing drag for an average jet static-presswe ratio of 3.65.

INTRODUCTION

Mcdern high-speed airplanes have penetrated the supersonic flight
regime, and an increasing amount of interes% is being directed toward
the effects propulsive jets have OH the &cternal drag of housings for
turbojet engines, since this-can represent an appreciable percentage .
of the total &rag. Data on base pressures and Imattail drag have been
reported in references 1 to 7 where it has been shown that the after-
bmiy drag can be appreciably higher than the forebcdy drag of the con-
figurations and that large drag savings may be realized, depending on
the afterbcdy configuration,nozzle design, and jet operating conditions.

At present, there is no completely adequate analytical methcd
available other thsm the semieqirical theories for calculating w pre-
dieting base pressures causedby the jet.

-{C

Most of the systematic
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investigations reported thus far (refs. 1 to 7) have been made at
supersonic velocities and little information is available in the
transonic and low-supersonic speed range (ref. 8) in which present-
dsY Jet aircrtit are operating.

The present investigationwas conducted by the Langley Pilotless
Aircraft Research Ditision to determine the effects of a jet issuing
from a rocket; desigaed to si.nmih.teturbojet exit conditions, on bcdy
drag through the tiansonic and low-supersonic speed range.

Three resesrch models with the same external configurationbut
with varying jet sonic-exit sizes propelled with turbojet simubtors
(designed according to ref. 9) were free-flight-testedat zero angle
of attack at the Langley Pilotless Aircraft Research Station, Wallops
Island, Va.

The Mach number

number range covered

A

s

a

g

Y

M

P

R

Cp’

CD

range covered from 0.875 to 1.5, and the Reynolds

from 25 x 106 to 53.5 x 106, based on baiy length.

area, scfft

maximum cross-sectional area, sq ft

acceleration, ft/sec2

acceleration due to gravity, ft/sec2

ratio of specific heats -Y

&*. nuriber

static pressure, ‘D/sq ft abs

Reynolds nmber based on bcd.ylength

P - P.
pressure coefficient, ~

drag coefficient, D/qoS

&, lb/sq ftdynamic pressure, z

----- ..ti

====ex___
~w-

.— ..——— —— .



NACA RM L551N39a

T thrust, lb

D drag, lb

w weight, lb

0 flight-path single,deg

Ehibscripts:

o

J

b

t

a

T

i

L

me

free stream

Jet exit

base

rocket throat

base emnulus

total

instantaneous

longitudinal

DESCRIPTION OF MODELS

3

Models 1, 2, and 3 had a ratio of jet to base area of O.~, 0.706,
0.563, respective~. Details and dimensions of the configurations
giveninfigure 1. The fuselage was identical for all three mdels
consisted of a parabolic nose joined to a 6.50-inch-diameter cylin-

drical bcdy with a &nicalboattail. The psrabolic nose section, -
coordinates of which we given in table I, was 26.00 inches long, smd
the straight cylindrical section was 28.03 inches in length. The coni-
cal afterbcdy had a 7.5° boattail angle and was 10.97 inches long. Four
thin 60° sweptback fins with beveled leading and trailing edges attached
to the conical sf’terbciiywere used to stsbil.izethe bciiyin flight. The
bcdy total lengti was 65.00 inches for all three mcdeb. Photographs
of the exkrnal configuration are shown in figure 2.

A comparison of the differences in base annti for the mcd.ek
tested is revealed in figure 3. Also shown in this figure is a view
of the base static-pressuretube used to measure base pressure.
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lMgure 4 shows a“cross section of a typical turbojet simulator
in flight. It consisted essentiaHy of a combustion chamber, a

flow-control nozzle, a plenum chsmber, &d a convergent sonic-exit
section. The simulator utilized a mcdified 3.2S-inch aircraft rocket
combustion chanber containing a specially machined cordite SU/K pro-
pellant. ‘Thethroat and exit diameters are also listed in figure 4.
The base and motor static-pressure tnibesused for flight measurements
were located as shown in figure 4.

TESTS AND INSTRUMENTATION

The mciieh were launched from a rail-type launcher at appro-tely
a 60° angle as shown in figure 2(b). A single 65-inch wldl rocket motor
boosted the mdels to supersonic speeds. After separation from the
booster, the mcdel.sdecelerated to a Mach number of approximately 0.85
before the turbojet simulator was fired which accelerated the models
to their peak Mach nunibers.

A four-channel telemeter which was carried in the nose of each
mdel continuously transmitted measurements of base static pressure,
motor static pressure, and low- and high-range longitudinal-accelermeter
data to the ground receiving stations. FQght data were also obtained
from CW Doppler velocimeter, S(!R584 radar, tracldng cameras, and rsdio-
sonde. These data were used to obtain total drag coefficients, hfach
number, and free-stream static pressure (by methods described in ref. 10)
as well as base pressure and base drag coefficients.

Static firings were performed on each of the turboJet simulators
used in the flight mdefi to determine whether each unit met the speci-
fied engine parameters. Reference 9 gives the method used in simulating
required engine exLt parameters. The turbojet exhaust parameters simu-
lated by these units were jet thrust, weight flow, and Jet static-pressure
ratio. ‘llhee2dxmst-gas.stagnation temperature for these units was
appro~tely 4,O(X)”R, and the specifit-heat ratio was appro-tely
1.25. These scaled-down parameters simulated appro-tely those of a
current full-scale turbo,letengine with afterburner operating at an
altitude

The
by using

of 35,000 feet ~ a ~ee-stiesm Mach number-of 1.2:

ANALYSIS

thrusts of the rocket motors during flight tests were computed
the fol.lowingequation:

.-— —
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Tj =

5e rocket motor for each

t

5

pjAj(7Mj2 + 1) - p#j (1)

flight model was statically test-fired at
‘the Iangley rocket test cell.- A calibration curve of jet etit static
pressure pj was established from these tests as a function-of a

motor static pressure whose orifice location is as shown in figure 4.
These”calibration curves were then used along with measurements of
motor static and free-stream static pressure to obtain the thrust
during flight.I

The power-on drag
equation:

coefficientswere determined from the following

(aLTj
CD =

-Wiz+stie )
qs

(2)

where the net acceleration and flight-path angle were obtained directly
from flight measurements and the thrust was cmputed from equation (l).

The base
were obtained

The base
referenced to
equations:

For power off

For power on

pressure
from the

coefficients referenced
following relationship:

%%
.%)-PO

%

to free-stream conditions

drag coefficients for power-off and power-on
~baiy area were computed according to

%=-%%-

%
C%=-%)s

TEST ACCURACY

(3)

conditions
the following

(4a)

(4b)

To establish telemeter instrument accuracies over a numiberof
years, statistical data have been canpiled on instrument measurements,

.
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\b d

and on this basis it is %elieved that the mximmn probable error of
each measurement is within kl percent of full-scale range. ,

The basic accuracy of the power-off drag coefficients presented
herein has been estziblishedby comparison of the individual drag-
coefficient curves of the three similar mcdels. Any deviation in drag
coefficientswhich existed for these curves could have been caused by
mdel disstilarities in construction and finish, @/or instrumentation
errors of the C!WDoppler velocimeter, tracking radar, telemeter, and
radiosonde. A power-d’f drag-coefficient curve was established by
using the root-mean-squarevalues of drag coefficients of the individual
mtiels. The maximum probable errors for the individual-modeldrag coef-
ficients were then taken as the nwdmum deviation of any one of the
three cues from the root-mean-square drag-coefficient curve. On the
basis of the foregoing, the test accuracies are within the values tabu-
lated as follows ;or % power-off condition:

J_
M AM

O.% to.olo
1.25 *.W
1.40 *.0Q5

Fuselage

%

to. 0100
k.oo526
~- @+13

bkasured

CD

*0.0095
*.W3
*.005

The degree of accuracy obtained for cmputed power-on drag coef-
ficients was based mainly on the accuracy with which the thrusts of
the rocket motors were computed, since the absolute values of the thrust
were four to six times greater than those of the drag for all nmiels
tes%ed. It was conceivable that a mcdnnnn probable error of *1O pounds
of thrust could have been inherent in the technique used for obtaining
absolute values of flight thrust. This correspondf3to an error in power-
on drag coefficients of *0.dt at M = 0.95 and ~0.02 at M = 1.3 for
all models tested.

REWIWS AND DISCUSSION

The Mach nuniberrange covered by these fllght modelm varied from
approhtely 0.875 to 1.5. W Reynolds number based on body length

varied from 27 x 106 to 53.5 x lC$ during the power-off period and for

the power-on periai from 25 x 106 to 40.v x 106 as shown in figure 5.
.,

The range of Reynolds number covered by all mdels indicates that the
boundary layer near the base was turbulent. .

,
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The variations of total drag coefficient,base drag coefficient,
and base pressure coefficient (for power off and poyer on) and jet
static-pressureratio with free-stream lWh nuiber are presented in
figures 6, 7, and 8 for models 1, 2, and 3, respectively. The total
power-off drag coefficients for these three similai mcdels are in agree-
ment with each other.

Jet interference effects on bdy drag of the configurationshave
. resulted in considerably lower power-on drag coefficients throughout

the Mach number range of these tests. At tisasonic or low supersonic
speeds the reduction in drag is much greater than at the higher super-
sonic speeds. The difference in drag at the higher supersonic speeds
between the power-off and power-on phases is approximately equal to the
xtude of the difference in base drag as can be seen in the plots
of base drag coefficients in figures 6, 7, and 8. Coefficients of base
pressure for the power-on phases remain positive (in the direction of
thrust) throughout the test lhch nuniberrange, whereas the power-off
base pressure coefficients are positive below M = 1 and then become
negative throughout the rest of the test range.

Mfferences in drag at trmsonic or low supersonic speeds between
power-off and power-on conditions are greater than the change in base
drag alone. These differences range between three to five times greater
than the difference in base drag. It is felt that positive pressure
increments acted on part of the boattail to cause these noted reductions
in drag in this speed range. Reference 8 reported the same general bends
in this speed range, except that the magnitude of the difference was not
so pronounced. This couli have been due to the fact that the jet static-
pressure ratio, ratio of specific heats, and temperature of jets differed.

Examination of shaihwgraphs of sonic jet issuing from conical boat-
tail bodies (ref. 11) indicated that the jet expands to the full base
area or greater depending on jet pressure ratio. Jet static-pressure
ratios for the present tests averaged approtitel.y 3.65 which caused
the jet to expad beyond the base area. Thus, with the jet issuing
frcm the base, the external flow over the 7.5° boattail had to negotiate
a flow deviation near the immediate vicini~ of the base due to the
expanded jet. When free-stream flow over the boattail is subsonic,
positive pressure increments can be propagati upstresm. It is believed
that the external flow over the boattails for the power-on phases of the
present tests was supersonic. TO surmount this flow deviation imposed
by the expanded jet, the flow over the rear portion of the boattail up
to approximately M = 1.2 probably separates. This condition of flow
separation will cause a shock wave to form in the external flow upstream
of the base, giving rise to the occurrence of positive pressure increments
on the boattail (see ref.’12). Another possible contributing factor to
this reduction of drag at trazmonic and low supersonic speeds is the
decrease 3n fin drag. When consider4g the location of the bailing

.—. —..-. ——.—— .—— _—. —
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edge of the fins with respect to the bifurcated shocks (upstream l.inib
and traikhg wake), it is possible to have positive pressure increments
acting on the trailing edge of the fins, hence also contributing toward
reduction of drag.

Cmpsrison of the average power-off total drag of the configurations
with individual-mdel power-on drag is shown in figure 9. Although there
does exist sme deviation among the individual power-on drag-coefficient
curves, the relative difference between them is considered to be generally
small. It can be concluded from figure 9 that this range of jet sizes
plays a minor role for this boattail angle and jet pressure ratio over
most of the test Mach nuder range in reducing the drag.

R@re 10 contains plots of the change frcm power on to power off
of base pressure coefficient

%
and base drag coefficient AC

4) as

Ia function of area ratio of jet to base Aj Ab fOr several Mach numbers.

Figure 10(a) indicates that the jet effect on the base pressure coef-
ficients becomes slightly more positive with increase in area ratio.
Figure 10(b) shows that, although the change in base pressure coefficient
increases slightly with area-ratio increase, the effect of increasing
the amnular srea or decreasing the jet size appears to overshadow the
pressure effect. Thus, the change in base drag coefficient decreases
with increasing jet size. Aho apparent for the malels tested,

~J/4 = 0.563 gave a maximum reduction in base drag coefficient from
a power-on to a power-off condition.

An interesting comparison of the engine perfomsmce with sonic
and computed supersonic exhaust nozzles can be made by using the data
presented herein. A thrust coefficient was computed for a supersonic
jet that expanded to free-stieam static pressure and fild.edthe entire
base. It was assumed that the forebody drag was the same as that of
the power-off condition. A net thrust coefficient of 1.159 was obtained
at M= 1.10 by miblracting this power-d?f forebd.y drag fram the
computed *t coefficient. The comparable flight test model with a
sonic jet exhaust at the base had a net thrust coefficient of 1.189.
Thus, it seems that in the transonic W low-supersonic speed range no
apparent advantages would be gained by using a supersonic nozzle.
Furthermore, frcunthe standpoint of weight savings, it would be advan-
tageous to use a sonic nozzle in this speed range.

CONCLUSIONS

Ins umarizing the results of the present tests, certain findings
are of particular interest. The results obtained from the three simibr
flight models tested indicated the following:

— — — -.
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1. h the transonic or low-supersonic speed range of this investi-
gation, the jet affected the base and boattail pressures in such a
manner as to cause an appreciable drag saving frm the power-off condition.

2. In the higher supersonic speed range of the present tests, the
jet influenced only the base pressures in such a mamner as to cause drag
reductions.

3. M the present tests, a change in jet diameter from 3.16 to
2.58 inches played a secondary role in the magnitude of power-on drag
coefficient throughout the Mach number range studied.

Langley Aeronautical Laboratory,
National Advisory Cormdttee for Aeronautics,

Langley Meld, Va., May 19, 1955.
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TABLE I.- COORDINATES OF PARABOLIC NOSE

[ 1Station measurd fia fuselage nose

Statim,
in.

o
1

:
6

10
lk
18
22
26

ordinate,
in.

o
.245
.48~
. !323

1.327
2.019
2.558
2.942
3.177i
3.250

IW2A RM L5~F09a
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Max diam.

6.50 A

I

I

1.28
~ i

~1.22
Model Motor exit

‘j/Ab
Number diam,, Dj

.— .

f- 04188 I 3,160 .844

Typical fin section A-A 2 2,891 .706

3 2.582 .563

diarn. Dj

Figure l.- External configuration of flight model. All Mm3nsions are
in i+ches.
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Figure 2.-

(a) M3del alone. lM2937.1

Photographs of flight mdela.
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(b) Model ami booster on launcher.
L-83161.1

Figure 2.- Concluded.
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.

W&l 1;Aj/Ab = o.@+ Emse static-prassnra tube ‘ Mel 2;Aj/Ab= o.706

Base statio-presmre tabe—

.

M~el 3;A#..b= 0.563

L-89307,1
Figure 3.- Photographs showing close-up views of the variation in base

annulus area for fldght models tested.
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Rocket combustion A
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/
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‘Propellant / &r~’’”’”” \ ‘Thrcmt diameter

/ f-igniter [

~plenum chamber

Bose static-pressure tube

I

Section A-A
m

Figure 4.- Cros.ssection of typicaL turbodet Bi.uiulator.
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Figure 5.- Variation of Reynolds number with Mach nuniber for models tested.

Reynolds number is baaed on body length.
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.8 .9 1.0 1.1 1.2 1.3 1.4 1.5 1.
Ho

(a) Total and base drag coefficients.

04

.2

c%
o

-o 2
.8 .9 1.0 i.1 1.2 1.3 1.4 1.5 1.6

IL!.

(b) Base pressure coefficient.

—.
4.0

Pj/P.

3.0
- .8

Figure 6.-
@ jet
Model 1

,6

.9 1.0 1.1 1.2 1.3 lJ+ 1.5 I.6
no

(c) Jet pressure ratio.

Total and base drag coefficients,base pressure coefficient, “
pressure ratio as a function of free-stream Mach nuniber.

(%1%. )“= 0.844

*
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c%

.

--
.8 .9 1.0 I.1 1.2 1.3 1.4 1.5 1.6

M.

(a) Total and base drag coefficients.

-.=
.8 .9 1;0 1.1 1.2 1.3 1A 1.5 1.6

%

(b) Base pressure coefficient.

4.0

Pj/ PO

3.0---
.8

Figure 7.-
and jet

Model 2

.9 1.0 1.1 1.2 1.3 1 J+ 1.5 1.6

%

(c) Jet pressure ratio.

Total and bsse drag coefficients,base pressure coefficient,
pressure ratio as a function of free-stresm Mach number.

(Aj/~ ‘“0.706).
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●3

.2

c
D

.1

0

-. 1

tio

(a) Total and base drag coefficient.

.

c%

?AO

(b) Base pressure coefficient.

4.0

Pj/P.

3 ●?8 ●9 1.0 1.1 1.2 1.3 1.4 1.5 1.6

%

(c) Jet pressure ratio.

Figure 8.-
and jet
Model 3

Total d base drag coefficients,base pressure coefficient,
pressure ratio as a function of free-stresm Mach nuniber.
@/~ = 0.563).

.— ...— . . ..—— — —.—— ...-



Iv
N

CD

●?J

.2

,1

0
●8 ●9 1.0 1.1 1.2 193

MO

Figure 9.- ComparisorI of power-off and power-on drag
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g?
4

0 .*2“ .4 .6 .8 1.0 1.2
Aj/Ab

(a) Variation of the change in base pressure coefficient as a function
of area ratio of jet to base.

-0 0

-0 0

.2
0.

A j/Ah

(b) Variation of the change in base drag coefficient as
a function of area ratio of jet to baae.

Figure 10.- Vsz’iationof the change in base pressure coefficient and base
drag coefficient for various Mach nwibers as a function of area ratio
of jet to base.
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